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WHAT IS CLAIMED IS: 



1 5 . A process for treating solid fuel materials, such as contaminated biomass and 
solid city waste, and converting them into a synthesized gas, comprising: a fuel 
gasification step carried out in a co-current gasogen and in which a fraction of 
5 the fuel materials undergoes combustion with an oxidant and the heat developed 
in the combustion is exploited for gasifying the remaining material; and a cinders 
separation, extraction and purification step, wherein 

- cinders are separated and removed from the fuel material after it has undergone 
the partial combustion and before it has been gasified; 

10 - cinders are then purified and collected after eliminating from it any remaining 
fuel material through complete combustion; 

- the fuel material which has undergone the gasification step without being fully 
converted to gas (CO) is recirculated by mixing it to fresh material before the 
latter is submitted to combustion. 

15 16 . The process for treating solid fuel materials according to claim 1 5 , 

wherein the combustion gas, particularly CO2, as developed during cinders 
purification, is mixed to the oxidant used for the combustion of a fraction of the 
fuel material. 

17. The process for treating solid fuel materials according to claim 15, 
20 wherein the oxidant is heated to a temperature higher than 400° by means of a 
fraction of the available heat contained in the synthesized gas flowing at a high 
temperature from the gasogen, before conveying it to support the combustion of 
a fraction of the fuel material. 

18 . The process for treating solid fuel materials according to claim is, 
25 wherein the oxidant includes a proportion of overheated steam. 

19 . The process for treating solid fuel materials according to claim 15, 
wherein the oxidant is fed to the gasogen under pressure. 

20 . The process for treating solid fuel materials according to claim 15, 
wherein plain air is used as an oxidant. 



21 . The process for treating solid fuel materials according to claim 15, 
wherein air enriched with oxygen is used as an oxidant. 

22 . The process for treating solid fuel materials according to claim 15, 
wherein pure oxygen is used as an oxidant. 

5 23. The process for treating solid fuel materials according to claim 15, 

wherein filter dust recovered in filtering the synthesized gas is added to the 
cinders, after separation and removal and before purification, so that the filter 
dust undergoes the same purification process. 

24. An apparatus for carrying out the process of claim 35, comprising a vertical, 
10 co-current gasogene (1) having an annular combustion area (11) for the com- 
bustion of a fraction of the fuel material, where the oxidant is fed to both its 
inner and its outer sides, and a gasification chamber (12) for gasifying the 
re mainin g fuel material, the gasification chamber also being vertical and being 
located above and downstream of the combustion area (11) in the direction of 
15 fuel material displacement, wherein 

- the floor of the gasification chamber (12) has a device (16, 19, 5, 6) for 
separating and removing cinders, comprising a port (19) feeding the cinders and 
the accompanying fuel material, through a feeding channel (6), to a scorification 
chamber (3), where the accompanying fuel material is completely burned and 

20 transformed into CCb, while the cinders are collected, after purification, in a 
cinder tank 

- a recirculation device (17, 18, 8), located at the top of the gasification chamber 
(12) for recirculating the material which has undergone the gasification step 
without being completely transformed into the synthesized gas (CO), comprises 

25 a rotating material distributor in form of shovels (17), the recirculation device 
conveying the recirculating material to an outlet aperture (18) leading into a pipe 
(8) which feeds the recirculating material to- a duct (7) for the supply of fresh 
fuel material, where the fresh fuel material is mixed with the recirculating 
material before being introduced into the gasogen (1) as a fuel rnixture. 

30 25 - The apparatus of claim 24, wherein the vertical co-current 

gasogen (1) comprises a rotating vertical auger (10) feeding the material upwards 
in the annular combustion area (1 1). 



26 . The apparatus of claim 24, wherein the recirculating 
device (17, 18, 8) feeds the recirculating fuel material to a feeding duct (7) for 
the fresh fuel material, which is provided with a first, substantially horizontal 
auger, where the fresh material is mixed with the recirculating material, and 

5 which in turn feeds the mixture of fresh fuel material and of recirculating 
material, as fuel, to the vertical auger (10) of the gasogen (1) through a second 
substantially horizontal auger (9) opening into the vertical shell of the vertical 
auger (10) of the gasogen (1). 

27 . The apparatus of claim 24, wherein the cinder separation and 
10 removal device (16, 19, 5, 6) comprises a distributor unit (16) for distributing, 

conveying and aerating the material which collects on the floor of the gasifica- 
tion chamber (12), the distributor unit comprising one or more horizontal shovels 
(16) which rotate around a vertical gasogen axis, the shovels being oblique to the 
floor plane, so that they sweep a radial chamber extending for the entire length 
15 of the shovels (16) and having the function of smoothly distributing the 
combustion gas over the entire cross-section of the gasification chamber (12) 
whilst avoiding preferential gas flowing channels. 

28 . The apparatus of claim 24 » wherein the scorification chamber (3) 
comprises a rotating vertical auger (23) which is supplied with cinders and with 

20 accompanying fuel material through a substantially horizontal auger (6) opening 
in the vertical shell of the auger (23) of the scorification chamber (3) and in that 
the purification of the cinders takes place by way of combustion of the accom- 
panying fuel material in an annular combustion chamber (24) located in the 
upper portion of the auger (23) of the scorification chamber (3), and supplied 

25 with oxidant at least at one of the annular peripheries of the combustion 
chamber. 
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APPLICATION 
FOR 

UNITED STATES OF AMERICA 

SPECIFICATION 
TO ALL WHOM IT MAY CONCERN: 
Be it known that we, 

Leon JACCARD, 
of CURIO - SWITZERLAND 
and 

Jean Patrick JACCARD 
of CURIO - SWITZERLAND 

Both Swiss citizens 

have invented certain improvements in 



"A PROCESS AND APPARATUS FOR TREATING SOLID FUEL 
MATERIALS" 

of which the following description in connection with the accompanying 
drawings is a specification, like reference characters on the drawings 
indicating like parts in the several figures. 
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"A process and apparatus for treating solid fuel materials" 

This invention is concerned with a process for treating solid fuels, such as 
contaminated biomass and solid city waste, and for converting them into a 
synthesized gas by gasification carried out in a co-current gasogen. The inven- 
5 tion is also concerned with an apparatus for canying out the process. 

Several processes are known in the practice and the patent literature for treating 
solid fuel materials, and particularly contaminated biomass and solid city waste, 
by transformation of the fuel materials into a synthesized gas. from which energy 
is then retrieved in different ways, e.g. directly in form of heat energy, or 
10 indirectly by generation of electric power. 

According to a process disclosed in detail, for instance, in EP-0 663 433, the fuel 
is first compacted in a tubular channel of preferably circular cross-section, then 
thermally treated by a process of gasification and pyrolysis, with generation of a 
synthesized gas in the tubular channel, and the carbonized material, after the 

15 above heat treatment, is finally submitted to complete combustion at the end of 
the channel in a counter-current gasogen. In this known approach, cinders are 
separated only after complete combustion in the counter-current gasogen, due to 
the circumstance that the cinders are collected on the bottom of the gasogen, and 
then fall down onto a water bed acting as a sealing buffer to prevent gas 

20 exchanges between the gasogen and the outside environment. 

The above known approach has two main disadvantages. On the one hand, it is 
very difficult to have a sufficiently large gasification chamber, such that the 
necessary gasification step can be completed, this step consisting in the transfor- 
mation of CO2, as developed in the partial combustion of a fraction of the 

25 material, into the CO synthesized gas, as is the object of the invention. As a 
matter of fact, the annular gasification chamber should, if its aim is to be 
attained, take an excessive length, with considerable, and possibly unsurmount- 
able, constructive problems. On the other hand, cinders are separated and 
removed only after the complete combustion of the material in the counter- 

30 current gasogen has taken place, so that the cinders contaminate every step in the 
gasification process. It is apparent that it would be advantageous to separate the 
cinders from the fuel as soon as possible, so that the operating steps can be more 
easily governed or controlled. 
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According to another known solution for a co-current gasogen, as published in 
EP-0 565 935, a vertical, co-current gasogen comprises a combustion area for a 
fraction of the material, having an annular shape, where the oxidant is fed from 
both the inner and/or outer sides, and a gasification chamber for the remaining 
5 material, which again is vertical and arranged above and downstream of the 
combustion area, in the direction of displacement of the material. 

This approach does in fact afford optimal conditions of gasification, inasmuch as 
it allows gasification chambers of practically uruimited extension to be built, so 
as to insure complete transformation of the COo generated into CO. Moreover, 

10 this solution also provides for recirculating the material that has undergone the 
gasification step without being completely converted into the synthesized gas. 
Such recirculation consists in allowing the above material to overflow laterally at 
the end of the gasification chamber and to drop laterally within the gasogen to 
mix with the fresh material at the bottom. However, this solution is not suitable 

15 for use in the gasification of solid fuel materials producing cinders during com- 
bustion, such as contaminated biomass and solid city waste, because it lacks a 
device for separating, removing and purifying the cinders, which will therefore 
remain in the gasogen and eventually clog it. 

The object of the present invention is therefore to provide a process and an 
20 apparatus for treating fuel materials to convert them into a synthesized gas by 
gasification in a co-current gasogen, which can avoid the above drawbacks of the 
prior an and which can insure conditions of treatment of solid fuel materials, 
particularly contaminated biomass and solid city waste, giving rise to optimal 
cinders. In other words, the process should meet all rules in force concerning 
25 protection of air and water, and should be perfectly gorvernable and controllable, 
so that the apparatus can operate without interruption for long periods of time. 

The above object is attained with a process for treating solid fuel materials, com- 
prising a gasification step of the material in a co-current gasogen, according to 
the preamble of claim 1, having the features recited in the characterizing part of 
30 claim 1. 

The invention also concerns an apparatus for carrying out the process according 
to the preamble of claim 10 and having the features recited the characterizing 
part of claim 10. 
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Dependent claims 2 to 9 concern preferred embodiments of the inventive pro- 
cess, and dependent claims 10 to 14 concern preferred embodiments of the 
apparatus for carrying out the inventive process, its advantages appearing more 
distinctly in the following disclosure of a preferred embodiment of the invention. 

5 The invention will now be further described with reference to an example of the 
apparatus concerned, shown diagrammatically on Fig. 1. 

General description of the invention 

The invention comprises two main units: 

a vertical co-current gasogen 1, similar, in its main components, to the 
10 gasogen disclosed in EP-0 565 935, to which is here made specific reference. 

a system 2 for separating and removing "cinders" arising within the gasogen, 
and an associated, though geometrically distinct, device 3 for purifying the 
cinders. 

The term "cinders" is used to refer to all matter which is contained in the fuel 
15 supplied to the gasogen and which is incombustible and consequently not gas- 
ifiable. The mass percentage of cinders in the fuel can vary in a wide range: 
generally in the range 0 to 50%. 

The cinders may originate directly from the removal carried out within gasogen 
1, or they may be part of the dusts retained in the several purification modules 
20 for the synthesized gas (cyclone filters, cloth filters, electrostatic filters). The 
material with a high cinder content is conveyed, through a suitable duct, to 
purifying device 3, also called scorification chamber. In this chamber, the 
material is suitably treated so that only inert matter is obtained a final product. 

A connection duct 5 leading from gasogen 1 to scorification chamber 3 is 
25 provided with a suitable material-conveying system 6, which, depending on the 
geometrical relationship between the two main units, may consist in a horizontal 
auger 6 as shown, or in an inclined auger, or in a simple inclined chute, possibly 
of the vibrating type. 

The inventive gasogen is of the kind having a recirculating bed, the flows of gas 
30 and of solid matter being co-current and oriented vertically. The heat required by 
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the process is supplied by the combustion of a predetermined fraction of the fuel 
supplied. The oxidant required for partial combustion may be, depending on 
circumstances, plain air, air enriched with oxygen, or pure oxygen. In any case, 
particularly where air is used, the oxidant is pre-heated to a temperature above 
5 400°C, by using a fraction of the available heat contained in the synthesized gas 
coming out from gasogen 1 at a high temperature (650 to 700 °C). Pre-heating 
allows the PCI of the gas to be increased, while improving combustion at the 
same time. 

If necessary, in order to increase the synthesis of gas molecules with high 
10 hydrogen content (Hb, hydrocarbons), a mixture of oxidant and overheated 
steam may also be used. 

The gasogen can operate either at atmospheric pressure or at higher pressures, in 
the range of a few tens of bars, so that the synthesis of hydrocarbons is promoted 
(particularly CH4). 

15 The fresh fuel material fed by auger 7 is mixed to the carbon resulting as a 
residue of gasification and emerging from duct 8, and is then propelled into the 
gasogen by injector auger 9. Within gasogen 1, a vertical auger 10 distributes the 
mixture uniformly over an extended, though narrow, annular surface, while, at 
the same time, liftmg the mixture to the combustion area 1 1 . 

20 Until this time, the flows considered have only been submitted to physical 
operations. Chemical reactions start when the material reaches the immediate 
neighborhood of the annular combustion area 11. The oxidant atmosphere 
required for combustion is generated by blowing oxidant from the outside and 
from the inside of annular area 11. Combustion chamber 1 1 may be entirely built 

25 in a metal resistant to high temperatures, or it may have parts of ceramic or 
refractory material, which will insure a long lifetime, particularly where pure 
oxygen is used as an oxidant in the process. Ceramic parts, or parts of a similar 
material, allow the process temperature to be increased, because they reduce the 
heat loss by conduction through metal walls. This helps the gasification process. 

30 Under the action of high temperature, which is also favored by the physical 
concentration of the combustion, and of the oxidant atmosphere prevailing in 
that area, the material undergoes a number of chemical reactions, leading to the 
formation of gas and carbon (mainly pyrolytic and combustion reactions). The 
gas and carbon so generated move towards the top of gasification chamber 12, 



4 



crossing carbon bed 13 located there. During their passage, the pyrolysis/com- 
bustion gas and the carbon react together chemically and physically until a final 
product is obtained which comprises the synthesized gas proper and the residual 
carbon that has not reacted. The synthesized gas emerges from carbon bed 13 
5 and collects within rest chamber 14 (with the purpose of smoothing gas removal 
and of decanting a part of the suspended particulate) which in turn leads to gas 
outlet duct 15. The residual carbon is collected by gravity in duct 8 to undergo a 
fresh gasification cycle. A portion of the cinders contained in the fuel is removed 
through duct 5 and is processed separately in scorification chamber 3. 

10 The central shaft in the gasification chamber, which is integral with the rotating 
vertical auger, is provided, at its bottom and top ends, with respective shovels 16 
and 17, having the function of material distributors. 

Lower shovels 16 are arranged turbine-like, i.e. with surfaces forming an angle 
to the vertical direction. As the shaft rotates, shovels 16 and 17 push the sur- 

15 rounding material upwards, and leave a small empty cavity on their lower sides 
along the entire shovel lengths. The empty cavity is invaded by the gas formed in 
the underlying combustion and pyrolysis, which, in the absence of any substan- 
tial resistance, will be distributed radially over the entire surface. Shovels 16 and 
17 have thus the task of distributing the combustion-pyrolysis gas over the entire 

20 surface of chamber 12 and, since there is a relative motion between the shovels 
and the material, they also prevent the formation of preferential channels in the 
passage of the gas. As it will appear below, shovels 16 also have the function of 
helping separation between carbon and inert cinders, so that the amount of fuel 
material to be treated in scorification chamber 3 is reduced. Upper shovels 17 are 

25 arranged horizontally and have merely the task of conveying the excess carbon 
toward recirculation port 18. 

Definition of flows within the gasoeen 

During operation of the apparatus, a hierarchy of the rated flow rates of the 
several augers should at all times be maintained: 

30 rated flowrate in vert, auger 10 > rated flowrate in injector auger 9 > flowrate in supply auger 7 

The flow rates through vertical auger 10 and injector auger 9 are merely 
nonunal, as vertical auger 10, for instance, will convey at any given time only 
what it receives from injector auger 9. In this case the flow rate through vertical 
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auger 10 would be equal to the tlow rate through injector auger 9. Similarly, 
injector auger 9 will convey at any given time the flow rate of supply auger 7 
plus the flow rate of the recirculated carbon. The balance of the flow rates is 
achieved due to the variations of their efficiencies. 

5 This hierarchy is imposed in order to prevent clogging between the several 
augers, which would have serious consequences for the mechanics and the 
operation of the apparatus. 

An important peculiarity of the inventive gasogen is the recirculation of the 
carbon that has not reacted during gasification. The recirculation of a fraction of 
10 the carbon is already known from EP-0 565 935 mentioned above, but the 
recirculation there is distinguished from the present invention because of the 
substantial difference between the beds in the respective configurations. 

The advantages of recirculation are several: 

• The recirculating carbon (having a substantially homogeneous chemio- 
15 physical composition) mixes with the fresh fuel before entering the gasogen, thus 

improving the homogeneity of the physical and chemical characteristics of the 
material reaching the combustion area, and consequently stabilizing that area. 

The recirculating carbon reaching the combustion area, which is dry, hot and 
of a low grading, tends to burn before the fresh fuel with which it is mixed. This 
20 leads to a saving of a part of the pyrolized gas developing from the fuel, which 
would otherwise be burned in this oxygen-rich area. 

The carbon acts as a filter and catalist with respect to several substances, 
among which are tars. Since the bed recirculates, each passage through the com- 
bustion area regenerates the specific properties of the carbon, which would. 
25 otherwise be progressively lost. 

• The gasification chamber holds a bed comprising mainly carbon and inert 
matter. Since the separation and removal device is unable to remove the totality 
of inert matter, the recirculation prevents it from accumulating within the bed 
and progressively reduce the amount of carbon that can react and consequently 

30 also the efficiency of the gasification reactions. Due to recirculation, inert matter 
is brought to the neighborhood of the cinder removal port 19, and its rate within 
the carbon bed is maintained constant. 
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The amount of recirculating carbon is regulated by adjusting the ratio between 
the flow rates through supply auger 7 and through injector auger 9. The larger 
the flow rate through injector auger 9 with respect to the flow rate through 
supply auger 7, the more carbon will be recirculated. Consequently, the material 
5 reaching the combustion area will have a higher rate of carbon and. a lower rate 
of fresh fuel. 

The power developed in the gasogen is regulated by adjusting the flow rate of 
injected fuel. An increase in the oxidant flow rate will give rise to an increase in 
the output power generated by the gasogen, and vice-versa for a reduction. It is 
io obvious that to a power variation of the gasogen will correspond a variation of 
the flow rate of the fuel in the same direction; this will give rise, consequently, 
to a variation of flow rate in supply auger 7. 

It should be noted that supply auger 7 is preferably not controlled by an operator 
directly, but rather it is governed by the level detector placed at the top of the 
15 carbon bed (not shown). This will provide to keep the carbon level at a height 
that is always slightly above the height of the recirculation port. 

Scorification chamber 3 

The first step in the process of removal of inert matter or cinders contained in the 
fuel takes place within gasogen 1, and more particularly on the bottom of gasific- 

20 ation chamber 12. Due to the relative motion between lower shovels 16 and the 
material, a sort of scrambling of the material is obtained. By taking advantage 
from the difference in density and size grading of carbon and cinders, the latter 
can be made to settle (or "decant") on the bottom of chamber 12. The rotary 
motion of shovels 16 then pushes the cinders toward the removal port 16, where 

25 they are then removed. 

Gasogen 1 and gasification chamber 12 are two physically quite distinct devices. 
Communication between them takes place in form of material removed from 
gasogen 1 and conveyed to scorification chamber 3 and in the form of com- 
bustion gas generated in scorification chamber 3 and reintroduced to gasification 
30 chamber 12 of gasogen 1. 

As already mentioned above, the transport of the material can take place through 
a horizontal or inclined auger 6, by chute along an inclined duct, or through any 
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other transport device which is able to operate at a high temperature and which is 
able, at the same time, to insure a complete seal. 



During the transfer from gasogen 1 to scorification chamber 3, connections are 
also preferably provided with other transport systems 20, which, for instance, 
5 convey dusts corning from the gas filtering device. It is thus possible to reduce 
solid emissions from gasogen 1 to the mere inert matter coming from scorifica- 
tion chamber 3. 

Operation of the scorification chamber 

The material reaching the scorification chamber 3 comprises a substantial 
10 fraction of inert material and a less substantial fraction of carbon, which is 
inevitably conveyed with the cinders. 

The task of scorification chamber 3 is to purify the above heterogeneous mixture, 
so that its outlet delivers cinders only. This step raises the overall efficiency of 
the apparatus and avoids the loss of the chemical energy inherent to the carbon, 
L5 which would otherwise be wasted. Moreover, the amount of cinders produced in 
the gasogen is reduced to a minimum. 

Cinder purification is achieved by blowing a metered amount of oxygen into 
scorification chamber 3 (in form of plain air, enriched air or pure oxygen), so 
that the carbon therein is completely burned. Oxygen may be derived off the 

20 primary air circuit of the gasogen, or it may be supplied by a fully independent 
air circuit. Gas produced by the combustion of the material comprising almost 
exclusively CO2, a CO fraction and possibly N2 (when using air as an oxidant), 
is, e.g., subsequently added, through pipe 21, to the oxidant used in the 
combustion of a fraction of the material, so that it is partially reconverted to CO 

25 by exploiting the "purifying' 1 properties of the carbon bed at the same time. In 
order to avoid disturbing the composition of the synthesized gas produced in 
gasogen 1, due, for instance, to the introduction of excessive and unnecessary 
amounts of oxygen and nitrogen, and in order to avoid removal of carbon- 
containing material from scorification chamber 3, the oxidant blown into the 

30 scorification chamber should be as far as possible in the required stoichiometric 
ratio. 

The material comprising carbon and inert residue, emerging from gasogen 1 
through pipe 8 and/or coming from the gas filtering device 4 through pipe 22, 
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reaches scorification chamber 3 through auger 6. This material is then engaged 
by auger 23 (which has a rated capacity larger than auger 6) and conveyed to 
annular combustion area 24, where, due to air blowing to the outside periphery 
and to the high temperature, carbon combustion takes place. The combustion can 
5 proceed, if necessary, as far as distribution chamber 25. Combustion area 24 and 
distribution chamber 25 are preferably built in a metal resistant to high temper- 
atures or in a ceramic or refractory material. 

The combustion gas is extracted through pipe 21 for reintroduction into 
gasification chamber 12. The spent cinders, on the other hand, are engaged by 

10 shovels 26, which are integral with the upper end of auger 23, and are swept off 
through a chute 27 into a storage tank 28. It should be noted that the oxidant 
necessary for combustion in the scorification chamber 3 may be heated in heat 
exchanger 29, thus exploiting the heat contained in the hot cinders. This will 
cool the cinders, thus reducing the heating problems in the storage tank placed 

15 downstream and increasing the overall efficiency of the apparatus. Any sensors 
required for process control are placed at the inlet of chute 21 (not shown). 

It should be noted that the material flow removed from the gasogen detennines 
the percentage of cinders in the carbon bed: the larger the flow, the less cinders 
will be present in gasification chamber 12. On the other hand, the higher is the 
20 flow of removed material, the more carbon is contained in it. 

The simplest way to manage the operation of scorification chamber 3 is to set a 
fixed value for the material flow through auger 6 and an associated value for the 
oxidant flow, so that the stoichiometric ratio is approached. These values can be 
established by means of tests made on the apparatus during operation and then 
25 refined with operating practice. 

A more accurate way of managing scorification chamber 3, which, however, 
requires suitable sensors, is to regulate the flow of oxidant blown in. If the 
stoichiometry of the combustion is to be satisfied, the oxidant flow rate cor- 
responds to a given carbon flow rate. The material flow rate, which also contains 
30 cinders, is therefore deterrnined as a function of the prescribed oxidant flow rate 
and of the carbon content in the material. 

The stoichiometry of combustion can be evaluated mainly in two ways: analysis 
of the C»2 content in the combustion gas and/or analysis of the temperature of the 
combustion fumes. Through analysis of the presence of oxygen in the fumes, any 
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shortage or excess of fuel can be determined, and consequently an insufficient or 
excessive flow rate through auger 6. 



Management by analysis of the fume temperature requires preliminary tests 
made on the operating apparatus, in order to determine the temperature as a 
5 function of excesses or shortages in the flow rate of the waste material. After this 
determination has been made, a comparison of the real fume temperature with 
the table of experimental values will show which adjustments should be made to 
the auger flow rate. 

In summary, the most important features in the present invention are as follows: 
10 a) Concerning the gasogen proper: 

A fraction of the carbon bed is recirculated. 

• The recirculating carbon is mixed to the fresh fuel before reaching com- 
bustion area 11. 

• Recirculation takes place outside the main gasogen structure. 

15 • The recirculation rate, as well as the material flow rate through combustion 
area 1 1 is managed by adjusting the flow rate of injector auger 9: vertical auger 
10 has just to convey all the material received. 

• The power of the apparatus is adjusted by changing the primary oxidant flow 
rate. Fuel consumption is adjusted by controlling the flow rate in the supply 

20 auger. 

• Turbine-like shovels 16, integral with central shaft 30, homogeneously 
distribute the combustion gas over the entire surface of the bed, and avoid 
formation of preferential flow channels through the bed. Shovels 16 also help 
inert matter contained in the fuel to settle on the bottom of the gasification 

25 chamber and push the inert matter toward the removal outlet 19. 

Ceramic or similar parts are preferably installed in hot areas, in order to 
increase the process temperature, improve gasification and prolong the lifetime 
of such areas. 
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b) Concerning scorification chamber 3: 

The scorification chamber 3 is physically distinct from gasogen 1, and com- 
municates with it through cinders removal auger 6 and pipe 21, which blows the 
combustion gas in. 

It can handle flows having a high cinders content originating from gasogen 
1 and from the gas-filtering device 4, by means of a number of connections such 
as 8, 22 leading into cinders removal duct 6. 

It gives rise to a sold waste comprise only inert matter, with maximum 
reduction of its quantity and an improved overall efficiency of the apparatus. 

It does not generate emissions, because the combustion fumes are added to 
the oxidant and are reintroduced into combusrion chamber 11, where they have a 
further chance to participate in the specific chemical reactions a draw a benefit 
from the purifying properties of the carbon bed. 

• Combustion chambers 11 or 24 may be built in ceramic or in a similar 
material. 

The inventive process and apparatus can be applied in the heating treatment of 
any organic matter, in the widest meaning of the word (including matter of 
natural origin as well as matter of chemical origin, such as the several hydro- 
carbons, plastics, rubber, etc.), even if they contain substantial amounts of inert, 
and therefore incombustible, matter (as high as 50%). The peculiar mechanical 
structure has the ability to treat fuels of diffemet sizes and shapes. More partic- 
ularly, the process and apparatus of the invention can use crumbled powders, 
briquettes, pellets, having a size or grading only limited by the mechanical 
conveying ability. 

The resulting product is a so-called "weak" gas, having a chemical composition 
and a flow rate depending on the fuel used, and capable of being used to 
different purposes, such as direct combustion for heating air, water or other 
desired fluid, or in the production of overheated steam for operating a turbine, or 
for operating a gas turbine or an internal combustion engine. It could also be 
used as a starting material in the chemical industry (synthesis of ammonia, 
methanol, etc.). 
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CLAIMS 



1. A process for treating solid fuel materials, such as contaminated biomass and 
solid city waste, and converting them into a synthesized gas, comprising: a fuel 
gasification step carried out in a co-current gasogen and in which a fraction of 
5 the fuel materials undergoes combustion with an oxidant and the heat developed 
in the combustion is exploited for gasifying the remaining material; and a cinders 
separation, extraction and purification step, characterized in that 

- cinders are separated and removed from the fuel material after it has undergone 
the partial combustion and before it has been gasified; 

10 - cinders are then purified and collected after eliminating from it any remaining 
fuel material through complete combustion; 

- the fuel material which has undergone the gasification step without being fully 
converted to gas (CO) is recirculated by mixing it to fresh material before the 
latter is submitted to combustion. 

15 2. The process for treating solid fuel materials according to claim 1, character- 
ized in that the combustion gas, particularly CO2, as developed during cinders 
purification, is mixed to the oxidant used for the combustion of a fraction of the 
fuel material. 

3. The process for treating solid fuel materials according to claim 1, character- 
20 ized in that the oxidant is heated to a temperature higher than 400° by means of a 

fraction of the available heat contained in the synthesized gas flowing at a high 
temperature from the gasogen, before conveying it to support the combustion of 
a fraction of the fuel material. 

4. The process for treating solid fuel materials according to claim 1 or 3, charac- 
25 terized in that the oxidant includes a proportion of overheated steam. 

5. The process for treating solid fuel materials according to one of claims 1 to 3, 
characterized in that the oxidant is fed to the gasogen under pressure. 

6. The process for treating solid fuel materials according to one of claims 1 to 5, 
characterized in that plain air is used as an oxidant, 
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7. The process for treating solid fuel materials according to one of claims 1 to 5, 
characterized in that air enriched with oxygen is used as an oxidant 



8. The process for treating solid fuel materials according to one of claims 1 to 5, 
characterized in that pure oxygen is used as an oxidant. 

5 9. The process for treating solid fuel materials according to claim 1, charac- 
terized in that filter dust recovered in filtering the synthesized gas is added to the 
cinders, after separation and removal and before purification, so that the filter 
dust undergoes the same purification process. 

10. An apparatus for carrying out the process of claim 1, comprising a vertical, 
10 co-current gasogene (1) having an annular combustion area (11) for the com- 
bustion of a fraction of the fuel material, where the oxidant is fed to both its 
inner and its outer sides, and a gasification chamber (12) for gasifying the 
remaining fuel material, the gasification chamber also being vertical and being 
located above and downstream of the combustion area (11) in the direction of 
15 fuel material displacement, characterized in that 

- the floor of the gasification chamber (12) has a device (16, 19, 5, 6) for 
separating and removing cinders, comprising a port (19) feeding the cinders and 
the accompanying fuel material, through a feeding channel (6), to a scorification 
chamber (3), where the accompanying fuel material is completely burned and 

20 transformed into CCb, while the cinders are collected, after purification, in a 
cinder tank 

- a recirculation device (17, 18, 8), located at the top of the gasification chamber 
(12) for recirculating the material which has undergone the gasification step 
without being completely transformed into the synthesized gas (CO), comprises 

25 a rotating material distributor in form of shovels (17), the recirculation device 
conveying the recirculating material to an outlet aperture (18) leading into a pipe 
(8) which feeds the recirculating material to a duct (7) for the supply of fresh 
fuel material, where the fresh fuel material is mixed with the recirculating 
material before being introduced into the gasogen (1) as a fuel mixture. 

30 11. The apparatus of claim 10, characterized in that the vertical co-current 
gasogen (1) comprises a rotating vertical auger (10) feeding the material upwards 
in the annular combustion area (1 1). 
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12. The apparatus of claims 10 or 11, characterized in that the recirculating 
device (17, 18, 8) feeds the recirculating fuel material to a feeding duct (7) for 
the fresh fuel material, which is provided with a first, substantially horizontal 
auger, where the fresh material is mixed with the recirculating material, and 

5 which in turn feeds the mixture of fresh fuel material and of recirculating 
material, as fuel, to the vertical auger (10) of the gasogen (1) through a second 
substantially horizontal auger (9) opening into the vertical shell of the vertical 
auger (10) of the gasogen (1). 

13. The apparatus of claim 10, characterized in that the cinder separation and 
io removal device (16, 19, 5, 6) comprises a distributor unit (16) for distributing, 

conveying and aerating the material which collects on the floor of the gasifica- 
tion chamber (12), the distributor unit comprising one or more horizontal shovels 
(16) which rotate around a vertical gasogen axis, the shovels being oblique to the 
floor plane, so that they sweep a radial chamber extending for the entire length 
15 of the shovels (16) and having the function of smoothly distributing the 
combustion gas over the entire cross-section of the gasification chamber (12) 
whilst avoiding preferential gas flowing channels. 

14. The apparatus of claim 10. characterized in that the scorification chamber (3) 
comprises a rotating vertical auger (23) which is supplied with cinders and with 

20 accompanying fuel material through a substantially horizontal auger (6) opening 
in the vertical shell of the auger (23) of the scorification chamber (3) and in that 
the purification of the cinders takes place by way of combustion of the accom- 
panying fuel material in an annular combustion chamber (24) located in the 
upper portion of the auger (23) of the scorification chamber (3), and supplied 

25 with oxidant at least at one of the annular peripheries of the combustion 
chamber. 
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ABSTRACT OF THE DISCLOSURE 
Solid fuels, such as contaminated biomass and solid city waste, are 
converted into a synthesized gas by gasification and exploitation of the 
energy contained in the fuels. The fuel is gasified an a co-current gasogen 
(1), while the cinders are separated, removed and purified after a fraction of 
the fuels has undergone combustion and before the fuel has been gasified. 
Cinder purification is made by complete combustion, while the fuel that has 
undergone the gasification step without being completely transformed in CO 
is recirculated by mixing it to fresh fuel material. The process is carried out 
in an apparatus comprising a vertical co-current gasogen (1) and a device 
for the separation and removal of cinders (16,19,5,6) as well as a 
scorification chamber (3) where cinders are purified from accompanying 
fuel material by complete combustion and are then collected in a waste tank 
(28). 



09/673828 




Please type* pk» sign (+)insHs this box — »{TJ 



+ 



DECLARATION FOR UTILITY OR 
DESIGN 
PATENT APPLICATION 
(37CFR1.63) 

EI Declaration □ Declaration 

Submitted OR Submitted after Initial 
with Initial Filing (surcharge 

l Filing (37CFR 1.16 (e)) 

>^ required) 



Attorney Docket Number 



First Named Inventor 



3167 



COMPLETE IF KNOWN 



Application Number 



Filing Date 



Examiner Name 



post office address, and citizenship are as stated below next to my ns 



» feted betaw) of the subject matter which b claimed 



name to feted below) or an original, first and joint mventor (if plural 
-^ and far which a patent is sought on the invention entitled: 



A process and apparatus for treating solid fuel materials 



(Tith of the Invention) 



□ wasSedon(MM/TXVYYYY)r~ 
Appfcation Number j 



^ and was amended on (MMAXVYYYY) 



United Stales AppBcation Number or PCT htemabonal 
1 C'appicaMe). 



I acknowledge the duty to tfisctose rrformatioo which Is material to patortaixRy as defined in 37 CFR 1.56. 



£^<^3B^Jl5?l£^ **** «PP*a*n(») for patent or inverter* 

a^SS tJJLfS^ ^Jf7 ^f^ 3 ^ 1 «PP««Bcri which designated at least one country other than th«Ur*ed States of 

»ofarr/PCTrternaixKialappSca!ionhavi^ ' 



Prior Foreign Application 
Humberts) 




Foreign Filing Data 
(MM/DO/YYYY) 


Priority 
Not Claimed 


Certified Copy Attached? 
IS NO 


0035/98 


Switzerland 


01/09/1998 


□ 


□ E3 






□ 


□ □ 








□ 


n □ 








D 


a □ 



foreign abdication numbers are listed on a supplemental priority data sheet 



;. 119(e) of any United States Pi 



J appieationf s) fe 



Application Numberfs) 



Filing Date (MM/DD/YYYY) 



I I Additional provisional application 
numbers are Rsted on a 
supplemental priority data sheet 
PTO/5B/02B attached hereto. 



+ 



^^,J^J^^l^ ifm J t •**"•»»?» take °< hours to complete. Time w* vary depending upon the needs of the 
S£?, P^t" £X ^ZSZ^J"^? ar ^fl^ > XZ* 5r » ****** to oom P tote «* to™ be sent to *e CWln*xmat£t 

c^Tr^t^ P ff °^J^ ir 5 fe ^l. 6c 20231 - DO NOT SaO FEES OR COMPLETED Fclu^ TOTrttS 
AOORESS. SEND TO: Assistant Commissioner for Patents, WasNngton, DC 20231. — ™«» iu. ino 



(Juillet 1998) 



Please type a plus sign (♦) inside 
Under the 



Ptfvtntk Reduction Act of 1995. no persons 



c 



PTCVSB/01 (12-97) 
Approved for use through 9/30/00. OMB 0651-0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
are required to respond to a colectfon of information unless » oontahs 



+ 



DECLARATION — Utility or Design Patent Application 



JftEH* V SSS^^- C ^ 2 S^J^ Unte<l S* 816 * «PP»=a*«(s). or 365(c) of any PCT international application designating the 
^^JS"! t ?* tow .- and - insc<ar as the sublet matter of each of the daims of this appfcaSon is not dtedosedn the prior 
ntnm ^lZ^J^!^ 1 SPfiJSS^ n h 2" mannor P^ 1 ^ by the first paragraph of 35 U.S.C. llTlaeknovrfedge the duty to dbctose 
r^^fTJf^ V^^JZ£???!£**f ** in 37 CFH 1 .56 which became avalable between the «ng datTof the prior appfcatfcn 

and me nabonaJ or PCT international «ng date of this application. 



U.S. Parent Application or PCT Parent 



PCT/IB99/00001 



LJ AddbotvaJ U.S. or PCTki 



Parent Filing Date 
(MM/DD/YYYY) 



01/05/1999 



Parent Patent Number 
(If applicable) 



rs are feted on a supplemental priority data sheet PTCVS8A)2S attached hereto. 



a named inventor, I hereby appoint the folowing registered pr 
and Trademark Office connected therewith; n Customer Number [ 

: K3 Registered pr 



Place Customer 
Number Bar Code 
in number Bsted beta* I — luMhfim 



Daniel J. 0 1 BYRNE 



registered pracfitionertsl named on supplemental Registered Practitioner In fo rmation sheet PTQ/SB/P2C 



Direct all correspondence to: □ Customer Number 
or Bar Code Label 



OR CD Correspondence address below 



MQlliaMUL_ASSQ£i AT I 



Via Meravigli 16 



ITALY - EUROPE iTetenhonel IT+02+869 244T 



IT+02+863 860 



appication or any patent k 



» statements* ^nwdetriBT the*fc 
3«%^nd^«Tr!s.C?Wrr^«fmat such w 



Name of Sole or First Inventor I 



□ A petition has been filed for this unsigned inventor 



Name (first and middle Rf anvTi 



Family Name or fitimnrnfi , 



4- 6 on*-* 



CliTVPr* I State 1 l_C 



country 1 Switzerland 



Mr Leon Jaccard 



Port Office Address 



Gradisetta 



city Curio 



country | Switzerland 



+ 



El Additional Inventors are being named on the 1 s t Ruppion^,^ Additional Inventor's) sheetfe) PTO/SB/02A attached hereto 



IPage 2/3 



Please type a plus sign (♦) inside iht» box 



-HZJ 



PTCVS8AHA f>B7) . 



DECLARATION 



ADDITIONAL INVENTOR(S) 
Supplemental Sheet 
Page 3 of 3 



Name of Additional Joint Inventor, if any: 


□ A petition has been filed for Ms unsigned inventor 


Given Name (first arjs^middte frf any]} 


Family Name or Surname 


Jean Patrick ^ V L/ 


Jaccard. 


Inventor's 
Signature 






July 3 
2000 


Residence: City 


PHIL. 




Country 


Switzerland 




Swiss 


Post Office Address 


Mr Jean Patrick Jaccard 






Post Office Address 


Gradisetta 


City Curi ° 




State 




ZIP 


CH-6986 Switzerland 
Country 


Name of Additional Joint Inventor, if any: 


□ A petition has been filed for tfris unsigned inventor 



Given Name (first and middle [if any]) 



Family Name or Surname 



Residence: City 



Post Office Address 



Post Office Address 



Name of Additional Joint Inventor, if any: 
Given Name (first and middte fit any]) 



Q A petition has been Bed for tiis unsigned inventor 
Famfly Name or Surname 



Residence: City 



Post Office Address 



IL!£^£!^!5J^f * stimatad *? ° * hours to complete. Time wU vary dependha upon the needs of the IndMdual case. Any 
— s on the amrt _ef_*M «twm J****d to complete this form should be sent to the Chief Information Officer. Patent^Tridemi* 
. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: As^stantComndcslonerfor 



(Juillet 1998) 



